Qualitative differentiation between natural and enriched chicken eggs through omega (ω) 3 fatty acid profiles by capillary zone electrophoresis (CZE) under direct UV detection at 200 nm is proposed. The electrolyte background consisted of 12.0 mmol L -1 tetraborate buffer (pH 9.2) mixed with 12.0 mmol L -1 Brij 35, 17% acetonitrile (ACN) and 33% methanol (MeOH). Omega 3 fatty acid profile in chicken egg samples were analyzed by CZE system and confirmed by single-quadrupole mass spectrometry with an electrospray ionization probe set to negative ionization mode after sample preparation by the Folch method. The results showed that ω fatty acid profiles analyzed by the CZE approach can be used to chemical markers to monitor fraud, presenting simplicity, short analysis time (10 min) and low cost as advantages. 
Introduction
Eggs are considered essential for a balanced diet due to their high protein composition associated with a wide variety of essential amino acids, fatty acids, vitamins and minerals. Thus, eggs ingestion should be encouraged since it can help control body weight, maintaining muscle strength and reduce loss of muscle mass, improve vision and brain function and support a healthy. [1] [2] [3] [4] [5] Omega 3 fatty acid ( Fig. 1 ) eating has several health benefits by helping to reduce triglyceride and total cholesterol blood levels. It is also used as an allergy mediator in inflammatory processes; it decreases blood pressure, reduces platelet aggregation and increases blood flow. Furthermore, the acids are essential to the human body, because we do not produce them naturally. [1] [2] [3] [4] [5] In the search for a healthier diet, modified eggs have to be produced by the addition of polyunsaturated fatty acids from the omega 3 families and vitamin E by changing the hens' diet. In order to produce omega 3 eggs, the chickens need to receive a different diet. A ton of feed must contain 560 kg of corn, 277 kg of soybean bran, 53.0 kg of meat bran, 83.0 kg of limestone, 3.00 kg of sodium chloride, 20.0 kg of linseed oil and 4.00 kg of vitamin supplement. 6, 7 In general, analyses of fatty acids in enriched chicken egg samples are performed by gas chromatography (GC). However, more volatile methyl or trimethylsilyl ester derivatives are commonly required, especially for the longer chain fatty acids solutes, although specifically designed columns that tolerate high temperatures are also available and can be used for the analysis of fatty acid in a flame ionization detector. GC is highly efficient, but analysis time is about 40 min becoming longer in analyses of a large amount of sample. [8] [9] [10] [11] Thus, the use of a complementary analytical technique able to perform screening of a large amount of sample in a rapid and cheap way can be useful.
In recent years, capillary electrophoresis (CE) has been strongly considered for the analysis of fatty acids in food, presenting short analysis time, absence of derivatization step in sample preparation and simplicity as advantages. 12 Traditionally, fatty acids are a group of compounds containing a saturated or unsaturated hydrocarbon chain, consisting of more than 10 carbons and a carboxylic group. In general, these species present pKa about 4.5, low solubility in water and low UV absorbance. The fatty acid analysis by capillary electrophoresis takes into account the following: the use of higher concentrations of organic solvents such as acetonitrile and methanol in order to avoid micelle formation among fatty acids; pH buffer above 7.0 to promote dissociation of the carboxylic group and thereby to promote analysis in the anionic form; the use of a chromophore agent in the electrolyte system or a chromophore buffer to promote UV indirect detection; and the use of an additive to help in the separation among geometric isomers such as cis or cis-trans pairs by using cyclodextrins or non ionic surfactants. However, mono or poly-unsaturated fatty acids (cis or trans ones) present acceptable sensitivity at 200 nm for direct UV detection. Due to the importance of these fatty acids in human diet and the possibility of economic fraud, this work has as the main objective to apply CE as an auxiliary analytical tool able to distinguish between enriched and natural eggs using the ω fatty acid profile as a chemical marker. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Such fraud can be serious, since no visual difference is found between enriched and natural chicken eggs and, according to a price survey in the local market, a dozen enriched eggs can cost up to 2.0 times the price paid for a dozen natural eggs.
Experimental

Chemicals and solutions
All reagents used were of analytical grade. Water was purified by a deionization (Milli-Q system: Millipore, Bedford, MA). Methanol (MeOH), acetonitrile (ACN), chloroform, sodium tetraborate (Na2B4O7) and sodium hydroxide (NaOH) were purchased from Vetec (Rio de Janeiro, RJ, Brazil 
Sample preparation
Natural and omega-3-enriched chicken eggs were purchased from the local market. Approximately 1.00 g of yolk of each sample was weighed separately and lipid extraction was done according to a procedure well established in the literature. 24 The sample residues were saponified separately with 2.5 mL of a methanolic NaOH solution (0.5 mol L -1 ) at 75 -80 C for 20 min in an aqueous heating bath in order to make hydrolysis for analysis of the fatty acids released from glycerol. After that, the material resultants from saponification were diluted in methanol in a volumetric flask of 10.00 mL. Finally, 25.0 μL of each sample was diluted in a volumetric flask of 1.00 mL before injection into the CE equipment. The procedures were performed in genuine triplicate.
Instrumentation
CZE optimization experiments were conducted in a CE system (HP3d CE, Agilent Technologies, Palo Alto, USA) equipped with a DAD set at 200 nm, a temperature control device maintained at 27 C, and data acquisition and treatment software (HP ChemStation, rev A.06.01). Samples were hydrodynamically injected (25 mbar 7.5 s) and the electrophoretic system was operated under normal polarity and constant voltage conditions of +27 kV. In the experiments were performed using a fused-silica capillary (Polymicro Technologies, Phoenix, AZ) 48.5 cm (40 cm effective length) × 50 or 75 μm i.d. × 375 μm o.d. was used.
Samples were analyzed using a Micromass (Manchester, UK) ZQ 2000 single-quadrupole mass spectrometer with an electrospray ionization probe set to negative ionization mode. The capillary voltage was set to 2.5 kV, and the sample cone voltage was -30 V. The desolvation temperature was set at 150 C. The desolvation gas (nitrogen) was set to 160 l/h, the nebulizer gas (nitrogen) at 80 psi. and the cone gas (nitrogen) at 50 l/h.
Analytical procedures
When a new capillary was used, it was conditioned by a pressure flush of 1.00 mol L -1 NaOH solution (30 min), deionized water (15 min) and electrolyte solution (15 min) . In between runs, the capillary was replenished with 0.20 mol L -1 NaOH solutions (2 min), deionized water (2 min) and fresh electrolyte solution (3 min, pressure flush).
Results and Discussion
Oliveira et al. 12 developed a methodology using a tetraborate buffer pH 9.2 combined with methanol (25% v/v), acetonitile (25% v/v) and Brij 35 as electrolyte system. This and achieved partial separation of C18:2cc (ω6), C18:3ccc (ω3), C20:5ccccc (ω3) and C22:6cccccc (ω3) in fish oil and algae samples after a simple saponification procedure using 0.5 mol L -1 of NaOH dissolved in methanol. 12, 19, 20 However, when the method was used for fatty acid standard separation, the co-migration between C18:3ccc (ω3) and C20:5ccccc (ω3) was observed, according to Fig. 2A . In order to improve the separation between critical pair C18:3ccc (ω3)/C20:5ccccc (ω3), a fractional factorial design 2V
5-1 (Table 1) having as factors sodium tetraborate (buffer), Brij 35 (non-ionic surfactant used for cis homologues separation), voltage, temperature and methanol and acetonitrile proportion (helps fatty acids solubilization inside back ground electrolyte (BGE)) was perfomed. The generating relation I = 12345 was proposed because the main effects were confused with fourth order interactions (low significance), and there is no confusion between the second order interactions.
Other experimental conditions such as capillary dimensions (48.5 cm total (40 cm effective length) × 50 μm i.d. × 375 μm o.d.), injection (25 mBar, 7.5 s), and wavelength (λ = 200 nm) were maintained fixed.
In the present case, the response evaluated for the experimental set was the critical pair separation C18:3ccc (ω3)/C20:5ccccc (ω3). The experiment 16 (Fig. 2B ) was considered the better result inside the experimental set performed, in spite of not achieving the full critical pair separation. However, the results obtained from the experimental set was possible to realize that variation into solvent proportion (MeOH and ACN) should be investigated. Therefore, a new experimental set was performed as described in Table 2 , maintaining constant other variables such as TBS, Brij 35, voltage and temperature according to the values fitted in experiment 16.
Among the nine experiments carried out, the experiment 1 presented the bets results (Fig. 2C) . In order to verify the separation repeatability, we prepared the BGE in five genuine replicate and the standard was injected three times in each BGE. We verified that the baseline separation was achieved, but the migration time presented variations (not shown). Thus, in order to significantly reduce the injection-related imprecision 25, 26 and to ensure better reproducibility and greater control over the sample amount injected, one should prefer the use of an internal standard in the quantitative analysis. In this case, elaidic acid C18:1t was chosen as an internal standard because is not present in the sample and will migrate well separated from the other fatty acids of interest.
Response factor (RF) calculation and omega fatty acid determination
The proposal of omega fatty acid quantification in the enriched eggs was based on a statistical study including the response factor (RF) calculation by using C18:1t as the internal standard (IS). 13, 15 In order to calculate RF, we obtained four analytical curves taking into account a random experiment in genuine triplicate using an C18:1c (ω9), C18:2cc (ω6), C18:3ccc (ω3) 
The quantification procedure involved the calculation of RF, as described by the following mathematical expression:
Here Ax is the individual omega fatty acid area, [XIOFA] the individual omega fatty acid concentration, RF the response factor, AIS the elaidic acid peak area and [IS] the elaidic acid concentration at 0.057 mg g -1 . Since the regression model diagnosis was satisfactory, the slope can be used as a response factor in Eq. (2), and as long as the internal standard C18:1t at 0.057 mg g -1 is used, the concentration (mg g -1 ) of individual omega fatty acids remains hidden. Individual omega fatty acid in the sample was carried out through Eq. (3), obtained after rearranging Eq. (2):
where AX is the area of individual omega fatty acids in the sample, d the dilution factor, AIS the elaidic acid area, RF the response factor (fitted model slope) and [C18:1t] IS concentration at 0.057 mg g -1 .
Sample analysis
In order to apply the developed methodology to analyze real sample, we tested the direct fatty acid saponification in yolk eggs, but it did not achieve good results due to the large protein amount present. Therefore, a study involving sample preparation was necessary. After careful literature review and some preliminary trials (not shown), we could conclude that the Folch's method used for lipid extraction was the most suitable one for fatty acid analysis in eggs. 6, 10, 11, 21, 24 By looking at the electropherograms obtained from egg sample analysis, we established that the majority of the fatty acids found for chicken natural eggs were C18:1c (ω9) and C18:2cc (ω6), while for enriched chicken eggs they were C18:1c (ω9), C18:2cc (ω6), C18:3ccc (ω3) and C22:6cccccc (ω3) (Fig. 4) . Since the electrophoretic run was performed under normal polarity and counter electrosmotic mode, the analytes were present in the anionic form (all fatty acids containing one negative charge at pH ~9.2). Fatty acid migration time in the samples was confirmed by spiking with standard samples (not shown). A complementary study by liquid chromatography-tandem mass spectrometry (LC-MS/MS) was performed in order to detect the unequivocal presence of ω fatty acids in samples through the mass/charge (m/z) attribution (Fig. 3) . LC-MS/MS obtained from enriched chicken eggs showed the signals of oleic, linoleic, linolenic, eicosapentaenoic and docosahexaenoic acids. In the positive ion mode there is a signal intensity with m/z at 302.2 that indicates sodium adduct ion of linolenic acid (C18:3ccc ω3) and relative intensity of 20%. In the negative ion mode, the peaks of the other four acids can be identified: oleic (C18:1c ω9) m/z at 171.1 (after double bond breaking) relative intensitity 10%; linoleic (C18:2cc ω6) m/z at 279.3 (after loss of H + ) relative intensitity 40%; docosahexaenoic acid (C22:6cccccc ω3) m/z at 281.4 relative intensitity 75% (after descarboxylation and loss of H2); and eicosapentaenoic acid (C20:5ccccc ω3) m/z at 255.3 relative intensitity 80% (after descarboxylation and loss of H2). b. CV values of migration times for sample (n = 10). Operational condition as in Fig. 4 .
However, according to a literature report, 10 the majorities are the first four, i.e., even when the five are present in the sample, the latter was not detected with the proposed method. Table 4 shows the statistical results obtained for omega fatty acids quantification in enriched eggs samples, taking into account the use of an internal standard in the quantitative analysis and Fig. 4 electropherogram for visual differentiation between enriched and natural eggs.
Conclusions
The present work showed the potential of CZE for analysis in chicken eggs under direct UV detection. The optimized CZE methodology presents low cost, short analysis time, no derivatization steps for sample preparation and simple data interpretation as advantages. Therefore, the methodology applied was demonstrated to be suitable as an alternative analytical technique of rapid primary exploratory analysis able to identify differences between enriched and natural chicken eggs with high rate of analysis by hour which can be useful for government (Ministry of Agriculture) or supervisory agencies to monitor fraud. 
